The inhibitors of oxidative phosphorylation induced fragmentation of mitochondria without any signs of apoptosis in CV-1 and HeLa cells. Prolonged treatment with the uncouplers (alone or in combination with the inhibitors of respiration) caused perinuclear clusterization of mitochondria, followed by their selective elimination. The fraction of mitochondria-depleted cells remained viable.
Mitochondria in various cell types form a dynamic reticulum [1] , which was suggested to play the role of a cable-like energy transporting system in the cell [2] . In agreement with this idea, fragmentation of the mitochondrial reticulum, observed under various stressful conditions [3] , was attributed to a safety-fuse type of activity preventing possible short-circuit collapse of the whole network [4] . Fusion of mitochondria is an active process catalysed by the proteins located at the inner membrane, such that it could be inhibited after the depolarization of the membrane shifting the dynamic balance in favour of fragmentation. Fragmentation of mitochondria and inhibition of fusion accompanied the earliest steps of apoptosis and probably were necessary events preceding the release of cytochrome c into cytosol [5, 6] . The molecular mechanisms of mitochondrial fission and fusion have been known for a long time in yeast [7] , but application of these results to the dynamics of mitochondria related to energy saving and apoptosis requires careful study.
We have studied the dynamics of mitochondria in highly glycolytic monkey tumour kidney cells CV-1 and human carcinoma cells HeLa. The inhibitors of respiration (piericidin, antimycin, myxothiazol), ATP synthase (oligomycin, aurovertin) and uncouplers [such as DNP (2,4-p-dinitrophenol) and trifluoromethoxycarbonylcyanide phenylhydrazone] did not cause any loss in viability of these cells during a 48 h inhibition process [8] . The mitochondrial inhibitors in the presence of glucose induced significant changes in mitochondrial structure independent of ATP depletion or apoptotic events. The details of this process were visualized ( Figure 1 ) using CV-1 cells expressing YFP (yellow fluorescent protein) fused to subunit VIII of cytochrome oxidase (MitoYFP). It was shown that piericidin, myxothiazol or the uncouplers induced fission of the long mitochondrial filaments after a significant lag phase (2-3 h). In the next Key words: elimination of mitochondria, fission, fusion, mitochondrial inhibitors, reactive oxygen species (ROS). Abbreviations used: DNP, 2,4-p-dinitrophenol; ROS, reactive oxygen species; YFP, yellow fluorescent protein. 1 To whom correspondence should be addressed (email bchernyak@yahoo.com).
step, the short fragments were transformed into small round bodies. This process included a further fission combined with change of shape of the organelles. The subsequent swelling of the mitochondria was clearly visible in the case of uncouplers. A similar sequence of events was observed in HeLa cells, where mitochondria were stained with Mitotracker Green. The most rapid fission and the following transitions of the mitochondrial network were induced by combined treatment with respiratory inhibitors and uncouplers indicating the possible role of ROS (reactive oxygen species) produced by the respiratory chain. This suggestion is in a good agreement with the observations of mitochondrial transitions induced by hydrogen peroxide (0.1-0.4 mM) in the same cell lines. Similar morphologically distinct steps of the process were described earlier but the initial lag phase was significantly shorter [9] . In both the models, no visible signs of apoptosis were observed until the final steps of mitochondrial transitions. The release of cytochrome c from mitochondria was not observed even when mitochondria were swollen. If the uncouplers were washed out shortly after fission of mitochondria was completed, a slow restoration of the mitochondrial network was observed. This process was blocked by emitine, an inhibitor of protein synthesis. These results support the hypothesis of the key role of uncoupler-sensitive fusion in structural transitions induced by mitochondrial inhibitors.
In the final steps of the treatment with the uncouplers alone or in combination with the respiratory inhibitors, fragmented mitochondria were gathered near the nucleus and formed several clusters (Figure 2) . A similar picture was observed in the cells treated with hydrogen peroxide and in apoptotic cells. In fibroblasts treated with tumour necrosis factor α, this effect was attributed to specific modification and inhibition of kinesin, the molecular motor responsible for anterograde movement of mitochondria along microtubules [10] . Electron microscopy revealed swollen and partially degraded mitochondria in these clusters. This observation was in agreement with the significant decrease in the total mass of mitochondrial material and content of the specific mitochondrial proteins. The selective elimination of mitochondria from apoptotic cells has been described previously [11] and the major role of autophagy in this process was suggested. It should be stressed that in apoptotic models inhibition of caspases was necessary to prevent the cellular collapse and to observe elimination of mitochondria. Mitochondrial inhibitors also induced changes in structure, location and content of mitochondria independent of caspase activity. We did not observe accumulation of autophagosomes in our model, and hence, probably, the mechanism of depletion from mitochondria was different. Preliminary results indicated that it resembled elimination of mitochondria during maturation of reticulocytes when the autophagosome-like vesicles with mitochondria are expelled from the cell [12] .
When HeLa cells were treated for 48-72 h with uncouplers in combination with antimycine or myxothiazole, a significant (50-70%) fraction of the cells died but the rest of the population was viable, without any signs of apoptosis and with very low mitochondrial content. The cell death was not related to energy deprivation, since the same respiratory inhibitors caused complete cessation of oxidative phosphorylation but did not kill the cells. Complete depolarization of the mitochondrial membrane and(or) hyperproduction of ROS were the most probable reasons for cell death. The viable cells depleted of mitochondria probably had selective advantages due to low content of pro-apoptotic mitochondrial proteins and elimination of the major source of ROS production. Induction of unknown mechanism(s) of mitochondrial elimination by stressful conditions (including chemotherapy) and the selective advantages of mitochondriadepleted cells probably contribute to the low mitochondrial content observed in some tumours in vivo [13] .
